Haley & Aldrich, Inc.
One Arizona Center

DRICH 400 E. Van Buren St., Suite 545
[\L Phoenix, AZ 85004

602.760.2450

TECHNICAL MEMORANDUM

8 July 2015
File No.: 38681
TO: Rebecca Sawyer, Vice President - Sustainability
Excelsior Mining Corporation
FROM: Pejman Eshraghi, P.E., Project Manager
Haley & Aldrich, Inc.
SUBJECT: Presence of Petroleum Hydrocarbons in Groundwater at Gunnison Copper Project

Located in Dragoon, Arizona

The purpose of this technical memorandum (tech memo) is to document the presence of dissolved
petroleum hydrocarbons and petroleum free product (light non-aqueous phase liquid [LNAPL]) floating
on top of groundwater at the referenced site (Figure 1).

Free Product Recovery and Groundwater Monitoring

In December 2014, Excelsior Mining Corporation (Excelsior) discovered that some of the existing core
holes drilled onsite may be impacted by petroleum hydrocarbons. Excelsior cited detection of
petroleum odor in groundwater and petroleum residue on monitoring equipment that was lowered into
core holes CS-09, CS-10, CS-14, DC-09, and NSM-003.

On 26 January 2015, Haley & Aldrich provided Excelsior with a plan to conduct groundwater monitoring
and, if necessary, a free product recovery test on the core holes. Subsequently, Haley & Aldrich
mobilized to the site on 5 February and 11 February 2015 to implement the approved plan. On

5 February 2015, Haley & Aldrich measured the free product thickness in core holes CS-10 and CS-14 to
be 1.47 and 1.93 feet, respectively (Table I). There was no measurable free product in core holes
NSM-003, CS-09, and DC-09. However, a greasy substance was detected in CS-09 that appeared to be
consistent with lubricant used for drilling operations.

On 11 February 2015, Haley & Aldrich removed 8 gallons of free product and oily water, using a bailer,
from core holes CS-10 and CS-14. Haley & Aldrich estimates that approximately 1.25 gallons of the
recovered liquid was free product, while the rest was oily water beneath the floating free product
(Table I). The recovered liquid was dropped off at a recycling facility (Appendix A). Following recovery
of free product, Haley & Aldrich continued periodic monitoring of the two core holes, through

26 February 2015, to monitor the return of free product. On 26 February 2015, the free product
thickness in core hole CS-10 was measured to be approximately 0.25 feet, while no free product was
measured in CS-14.
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Following removal of the free product from core holes CS-10 and CS-14, Haley & Aldrich collected
investigative (no purging) samples of the groundwater using a bailer to determine the concentrations of
dissolved volatile organic compounds (VOCs) and polynuclear aromatic hydrocarbons (PAHs). Haley &
Aldrich also collected an investigative sample of groundwater from core hole NSM-003, but was unable
to collect a sample from core hole CS-09 as the bailer became fouled by the greasy substance in the core
hole. Haley & Aldrich did not collect a sample from DC-09, because the well had been purged using air
lifting, and collection of a representative water sample was not possible due to development activities.
The three groundwater samples were analyzed for VOCs and PAHs using U.S. Environmental Protection
Agency (USEPA) Test Methods 8260B and 8310, respectively.

The water samples from the wells containing free product (CS-10 and CS-14) contained elevated
concentrations of benzene, toluene, ethylbenzene, and xylenes (BTEX). However, only benzene
concentrations exceeded its Arizona Aquifer Water Quality Standard (AWQS) of 5 micrograms per liter
(ug/L) with concentrations of 7.3 and 310 pg/L in CS-10 and CS-14, respectively. The water samples also
contained other volatile hydrocarbons and PAHs. Table Il presents a summary of the detected
petroleum hydrocarbons in the groundwater samples collected from CS-10 and CS-14. Table Ill provides
the chemical categories with which each detected compound is associated.

Recognizing that the fuels detected at the site are highly degraded, Haley & Aldrich performed a series
of ratio calculations with BTEX, which represents the most volatile aromatic hydrocarbons. The
calculated ratios (Table IV) are compared to the published values® of gasoline residues in groundwater.
The elevated concentrations of BTEX and the results of the comparison suggest that the detected
concentrations of BTEX in the groundwater samples collected from CS-10 and CS-14 are consistent with
degraded gasoline or a mixture of petroleum products including gasoline.

The groundwater sample collected from NSM-003 contained detectable concentrations of tert-butyl
alcohol (TBA), a gasoline additive that is added to gasoline as an oxygenate and an engine anti-knock
compound. TBA is more soluble in groundwater than BTEX, tends to partition from the vapor phase and
dissolves into groundwater, and is not significantly slowed by subsurface sorptive processes®. Therefore,
its detection alone is not indicative of a release of pure TBA. Rather, it is a more reasonable scenario
that TBA originally entered the environment as a constituent of the gasoline detected in groundwater in
CS-10 and CS-14.

Since the original groundwater sampling, VOCs and PAHs have been detected in groundwater samples
collected from new core holes (NSH-007, NSH-009, NSH-015, and NSH-22), which were drilled under the
oversight of Haley & Aldrich. The detected concentrations are summarized in Table Il. Of particular
interest were the detection of 1,2-dichloroethane (1,2-DCA) at concentrations of 0.96 and 0.36 pg/L in
groundwater samples collected from NSH-15 and NSH-22, respectively; and the detection of the highest
toluene concentration of 2,080 pg/L in the groundwater sample collected from NSH-22. The compound
1,2-DCA is a lead scavenger and is specifically added to leaded gasoline as an additive to prevent
build-up of lead oxide deposits inside internal combustion engines. The presence of 1,2-DCA in
groundwater along with other VOCs and PAHs, although in low concentrations below AWQS, is further
evidence that groundwater impact is likely due to a gasoline release.

! Kaplan, I. R., Galperin, Y., Lu, S-T. & Lee, R-P., 1997. “Forensic Environmental Geochemistry: Differentiation of
Fuel Types, Their Sources and Release Time”. Organic Geochemistry 27:289—317. Table 8.
2 |ITRC, February 2005. Overview of Groundwater Remediation Technologies for MTBE and TBA.
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The toluene concentration of 2,080 pg/L in NSH-022 exceeds its established AWQS of 1,000 pg/L.
Toluene is used as a solvent, used to manufacture benzene, and added to gasoline to improve its octane
rating. Similar to TBA, detection of toluene in NSH-22 alone does not indicate a pure toluene release.
Rather, it is a more reasonable scenario that toluene entered the environment as a constituent of
gasoline.

Source(s) of Contamination

At this time, the source(s) of the gasoline impact and or the location(s) where the impact may have
occurred are unknown. Haley & Aldrich reviewed the Arizona Department of Environmental Quality’s
(ADEQ’s) readily available Leaking Underground Storage Tank (LUST) public record and identified The
Thing Dairy Queen Travel Center (The Thing; Facility ID 0-000748 | LUST ID 4387) as a potential off-site
source. On 27 March 1996, this facility permanently closed (via removal) three gasoline USTs. Soil
samples collected beneath the USTs at 12 feet below ground surface (bgs) were tested for BTEX. The
maximum concentrations of BTEX detected in the soil samples collected from the tank pit were 21, 500,
170, and 850 milligrams per kilogram (mg/kg), respectively. Soil that was removed during tank removal
was placed in the tank pit®>. Bedrock was reportedly observed at less than 2 feet below the tanks. The
ADEQ’s UST Programs unit opened three LUST case files and requested the facility to begin site
characterization.

On 7 February 2000, the facility conducted site characterization of the shallow soils by installation of six
soil borings to total depths ranging from 2 to 10 feet bgs, the depth at which bedrock was encountered.
The concentrations of BTEX compounds were mostly below the laboratory’s minimum reporting limits
(MRLs), although detectable concentrations of ethylbenzene and xylenes of 0.28 and 1.8 mg/kg,
respectively, were detected at 10 feet bgs in one boring (SB-1). However, soil boring SB-1 was drilled in
the tank pit, 2 feet shallower than and more than 20 feet away from, the area where elevated
concentrations of BTEX were detected during tank closure.

Although, it does not appear that the petroleum release(s) were adequately investigated, ADEQ closed
the LUST case files on 23 May 2005. ADEQ’s primary rationale for LUST case file closure was the
presence of bedrock and lack of groundwater beneath the facility. The LUST facility, however, is
generally hydrologically upgradient from the gasoline-impacted wells at the site.

The Johnson Camp mining facility is another potential upgradient source of hydrocarbon contamination,
but previous Phase | Environmental Site Assessments conducted by Haley & Aldrich did not reveal
evidence of widespread gasoline use at the facility. In fact, most mobile equipment, powered haulage,
and beneficiation processes are not using gasoline.

* Souder, Miller & Associates, 9 April 1996. Release Confirmation and 14 Day Report Form, Bowlin’s The Thing
Dairy Queen Travel Center Near Benson, Arizona.
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Corrective Action Requirements

The Resource Conservation and Recovery Act requires owners and operators to undertake corrective
actions in response to releases of petroleum and hazardous waste to the environment. If the source of
gasoline is impact from LUSTSs, such as an off-site impact from The Thing’s LUSTs, then it is the
responsibility of the owners and operators of those LUSTs to undertake corrective actions, even if those
LUSTs received a prior closure letter from the ADEQ. If the source(s) of impact did not originate from
LUSTSs, then the applicability of innocent landowner defense under the Comprehensive Environmental
Response Compensation and Liability Act should be evaluated.

Enclosures:
Table I: Summary of Free Product Recovery
Table Il: Summary of Detected Analytical Results - Groundwater
Table Ill: Summary of Chemical Types '
Table IV: Summary of BTEX Ratios in Altered Gasoline in Groundwater
Figure 1: Site Plan
Appendix A: Recovered Liquid Disposal Documentation



TABLE |

SUMMARY OF FREE PRODUCT RECOVERY
EXCELSIOR MINING CORP.

GUNNISON COPPER PROJECT

DRAGOON, AZ
Location Date Time Depth to Product (feet | Depth to Water Thickness Volume'
bgs) (feet bgs) (feet) (gallons)
2/5/2015 1718 616.95 618.42 1.47 0.54
2/11/2015 1450 618.25 618.3 0.05 0.02
CS-10 2/12/2015 0838 617.08 617.1 0.02 0.01
2/12/2015 1530 617.03 617.1 0.07 0.03
2/13/2015 0715 617.29 617.35 0.06 0.02
2/26/2015 1508 617.2 617.8 0.6 0.22
2/6/2015 1009 428.98 430.91 1.93 0.71
2/11/2015 1123 433.15 433.16 0.01 0.00
cs-14 2/12/2015 0838 415.68 415.72 0.04 0.01
2/12/2015 1530 409.09 409.1 0.01 0.00
2/13/2015 0715 402.19 402.2 0.01 0.00
2/26/2015 1508 No Product Measured 446 0 0.00
NOTES

1. Assumes corehole diameter is 3 inches and the entire volume of free product is trapped within the corehole.
bgs = below ground surface
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TABLE Il

SUMMARY OF DETECTED ANALYTICAL RESULTS - GROUNDWATER

EXCELSIOR MINING CORP.

GUNNISON COPPER PROJECT

DRAGOON, AZ
Volatile Organic Compounds (USEPA Test Method 8260B) Polynuclear Aromatic Hydrocarbons (USEPA Test Method 8310)
g g
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Date = g 2 2 2 @ 5 < <
o @ E § £ £ g 2 o = o 2 = S
= o g g =< @ @ 2 £ £ = g 5 2 g g
= 2 0 g o = | | £ £ : £ £ 5) @ £ v 5 £ z z
S 3] 5 = 3 2 5 = = © o o o (5] e S = 5 @ 5 =
Q i S = b o @ < th < c c N 2 = = = c = 7] 7]
& 5 5 £ > & | ¢ | & | m £ : : g £ S S g g £ = =
= @ = & < £ 2 —i —i < < < @ S T T Z = & o &
CS-10 2/11/2015 <50 7.3 44 30 90 7.1 <25 60 12 12 13 3.5 <0.050 0.21 <0.050 27 510 86 1.6 690 1000
CS-14 2/11/2015 <5 310 680 110 500 <50 <250 110 <50 4.8 6.6 1.7 0.052 0.067 0.15 16 330 34 0.96 330 460
NSH-007 2/26/2015 | <0.50 | <0.50 0.59 <0.50 | <0.50 | <0.50 NA <0.50 | <0.50 | <0.0050 | <0.0050 | <0.0050 | <0.0050 | <0.0050 | <0.0050 [ <0.0050 | <0.0050 | <0.0050 | <0.0050 NA <0.0050
NSH-009 3/12/2015 | <0.50 | <0.50 3.93 <0.50 | <0.50 | <0.50 NA <0.50 | <0.50 | <0.010 | <0.010 [ <0.010 | <0.010 | <0.010 | <0.010 <0.010 | <0.010 | <0.010 | <0.010 NA <0.010
NSH-015 3/26/2015 0.96 4.56 0.71 <0.10 | <0.10 | <0.10 NA <0.10 | <0.10 | <0.0050 | <0.0050 | <0.0050 | <0.0050 [ <0.0050 | <0.0050 [ <0.0050 | 0.268 | <0.0050 | <0.0050 NA 0.0262
NSH-022 04/02/15 <5.0 <5.0 2,080 <5.0 <5.0 <5.0 NA <5.0 <5.0 | <0.0050 | <0.0050 | <0.0050 | 0.00614 | <0.0050 | <0.0050 [ 0.00781 | <0.0050 | 0.00662 | <0.0050 NA 0.00776
05/04/15 0.36 0.33 NA 0.38 NA 0.35 NA 0.37 0.39 NA NA NA NA NA NA NA NA NA NA NA NA
NSM-003 2/11/2015 <1 <1 <5 <1 <3 <1 29 <1 <1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.25 <0.05 <0.05 <0.25 <0.25
Arizona AWQS 5 5 1000 700 10,000 NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE

Notes:

bold = compound was detected

Concentrations are in micrograms per liter.

AWQS = aquifer water quality standard
EPA = Environmental Protection Agency

NA = sample was not analyzed for the presence of this compound.
NE = standard has not been established for this compound.
USEPA = U.S. Environmental Protection Agency
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TABLE 1l

SUMMARY OF CHEMICAL TYPES
EXCELSIOR MINING CORP.
GUNNISON COPPER PROJECT
DRAGOON, AZ

Detected Compound

Type

Typical Host Fuel

1,2-Dichloroethane

Lead Scavenger

Leaded Gasoline

tert-Butyl Alcohol

Anti-knock/Oxygenate

Unleaded Gasoline

Benzene

Toluene
Ethylbenzene
Xylenes

n-propylbenzene

1,2,4-Trimethylbenzene

1,3,5-Trimethylbenzene

Monoaromatic

Gasoline*

Anthracene

Acenaphthene

Acenaphthylene

Benzo (g,h,i) perylene

Chrysene

Fluoranthene

Fluorene
Naphthalene
Phenanthrene
Pyrene
1-Methylnaphthalene
2-Methylnaphthalene

Polynuclear Aromatic

Gasoline and Diesel’

NOTES

1. Monoaromatics exist, in varying concentrations, in most petroleum fuels. However, their concentrations are most

elevated in gasoline.

2. Polynuclear Aromatics exist, varying concentrations, in most petroleum fuels. However, their detection at the site is
likely to be attributed to gasoline or diesel.
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TABLE IV

SUMMARY OF BTEX RATIOS IN ALTERED GASOLINE IN GROUNDWATER
EXCELSIOR MINING CORP.

GUNNISON COPPER PROJECT

DRAGOON, AZ
Compound Wells Ratio in Groundwater*
CS-10 CS-14
B/T 0.46 0.17 0.09 - 21.6
B/E 2.82 0.24 0.13-10.9
B/X 0.62 0.08 0.01-35
T/E 6.18 1.47 0.1-9.6
T/X 1.36 0.49 0.04-4.2
E/X 0.22 0.33 0.08 - 0.55
B+T/E+X 1.62 0.43 0.11-34
NOTES

1. Kaplan, I. R., Galperin, Y., Lu, S-T. & Lee, R-P. 1997. Forensic environmental

geochemistry: Differentiation of fuel types, their sources and release time. Organic

Geochemistry 27:289— 317.Table 8.

B = benzene

E = ethylbenzene
T = toluene

X = xylenes
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APPENDIX A

Recovered Liquid Disposal Documentation

HALbRicH



gL

ATTENTION SHIPPERS! FREIGHT CHARGES ARE PREPAID ON THIS BiLL OF LADING UNLESS MARKED COLLECT.
. STRAIGHT BILL OF LADING ,

’ ORIGINAL — NOT NEGOTIABLE Shipper No.

Carrier No.

Page | of [ Efle o100 ) eIt @t&ﬂw INC., Date d&jmj
e (Name of carrief) { SCAC)

Cn Cosct on Delivery shipments, the letters 00D must appear belore consinee’s name or as Gthenviss povided in Hem 430, Sec 1. FROM:

skipper (oLt A 1 5 0 @Qp&ﬂ Y 20wl
TO!: i

comsianee [N &SH QL st sy Catsjoh primme Cof)
Streel 0?0? S e g _ City Stale Zip Code
City ‘ %! O LY State /17 2ip Code 23—0 Y2 24 tr. Emergency Conlact Tef. No. 4, Qo- 5“35‘-—-5‘05'3 Camalec,

Vehicle :
Route Number
MNo. of Units BASIC DESCRIPTION TOTAL QUANTITY WEIGHT CHARGES
& Container Type H Wi Proper Shipping Name, Hazard Class, (Weight, Volume, (Subject to RATE {For Carder
Identification Number {UN o7 NA), Packing Group, per 172,101, 172,202, 172,203 Galons, ete.} Coerection) Use Only)
14
[ Do | N | 4al1203, bgsouns 3, P TT 206?13:_. 50%
( ﬁ/l{)nu T ok Cy cw\
Fa)
. [ MeS9 \
N » . .
Whoiee | (oved o | . \2WR /1S
) ] i
PLACARDS TENDERED: YESLI] NODIN [neuy
Note — (1) Where the rate is dependent on value, shippers are required to state | 7 hereby declars thal the confents of thisp fron or oo
; Y fully and y described
specifically in witing the agreed o dedlared value of the property, as faiows: *The | €ONs'9 are tully and Y
agreed or deciared valua of the propedy 1 hereby specificaly stated by the shipper abcvju‘ by the proper shipplng "::;nde and a:g C.O0.D, FEE;
e esiry o Eaedtiscaves v o o epucs f COD _ preeb D g
{2} Whera the applicat’e 1anf pravisions specify a imitation of the wrer‘s tzhitity prop;r zondﬂjon "tot trangport according t Aml: §
absent & re'eass of a value declaration by the shipper and the shipper does ot | oioanls  iernational and  pationa]  Subject ta Section 7 of the conditions, # this shipment is 1o ba

teteasa tha camier's fabitly or deciare a value, the carrier's Fability shall ba fmited to govemmentajregulations. delivered 10 the Consignee without redoursa o the consignot, the TOTAL

the extent providad by such provisions. See NMFC fem 172, consignor shall sign the folowing statement: CHARGES $

19 Cammadtes fequifeg speoal of adionl cars er et i hasatag o pasment A RE 3 £ oher il cnarges. T FREIGHT CHARGES
gtewing mUst be so marked and packaged 25 lo ensure Sa's bansporaton. Seo ' FREGHT PREPAID Chacicbox il charges
Section 2(e) of item 360, Bifs of Lading. Freight Bils and Statements of Charges . except when box at D argtabe
and Section 1{z) of the Cortract Teems and Conaitions for a st of such arficles., Fignature (Soratvs of Goraignan fight s checked catect

RECEIVED, subiect 10 ha classfearons and tariffs in efect on the dale of the ssue of (s Bl of Lading, the properly destration and a3 10 each party al any time interested n 2 or any sald property, hal every service tobs perormed
dasenbed abave in apparent good order, excepl as noted [contants and candition of contents of packages unknown), hereundar shait ba subject t3 all the bl of lading terms and condtions in tha gaverning wassficaton on the date of
marked, eansigned, and Sastined as indicaled above which said carrier (the word earrier baing undirstend throughaut 3—“59"‘-?”‘

15 conltacl a3 fearing any parson of corporation In possessian of the propery under tha CoNYact agreas to carry 1o Shipper hereby cedyies that ha is Famiiar with all the tading terms and conditions in the governing classification and
a5 usual place of defrvery al sald destnaton, i on s foute, stharwise lo defiver to another camier oo the toute 1o said the said lerms and ¢concbrons are heceby 2greed to by the shipper and accepted 1or hmseld and his assigrs.

Castnation. Itis mutualy agreed as 1o each cartier of al or any of, ssid propenty ovet all of aty porkon ot sad rouiz to

L\ CaLSIph
R IpC

CARRIER

SHIPPE

Permanent post-office address of shipper, ®M'|:alicwww1r Foxictm STYLECRGEd 7 LABELIMASTER ® (800} 621-6808 www.labe!master.com
bt = | e



RECYCLING MANIFEST / RECEIPT |
L 335843

. ADIVISION OF MESAOIL INC.

DATE. 4 ’ / w l A ' SERVICE CALL # |
GENERATOR x r
Generator Name {: 4 V.‘. e Oy pine A J‘- & / 2 &< iﬁf)t/} (¢ Contact ‘DC»{ w \‘- Quﬂ %% Y]

pj(;kup Address : ' Phone #
Clty e -‘ro 5 . State__ 14 e _Zip A ZQ '
& -Ifng Address ?M? ) uZ L. e {‘.{ -\v\ W) !/\f' C Q_\{/' "?\,”\ (f'f . !»-»1 ‘,;{ S

State - ' Zip

o | |
RECYCLING SERVICE - I Price/Unit | Quantity Total
USED OIL REMOVAL - R = /7 VIS AMIC
OILY WATER REMOVAL - - ' AR "
USED ANTIFREEZE REMOVAL
USED OIL FILTER REMOVAL
REIGHT ‘ ' SR o | S o _
AL INSTRUCTIONS N o - SALESTAX ———— |
' ' TOTAL DUE
MESA OIL. [$
- FORM OF PAYMENT B
St " CREDIT APP# MG/ VISA -
HECK: . APPROVEDBY P.O#

] E'RATORS CERTIFICATION: This material is described to the best of my ability. This material has not been mixed
CB's or hazardous waste identified in 40 CFR Part 261. Used oil filters meet the exclusion requirements of 40 CFR Part
|'acknowledge the accuracy of the total due on this receipt. If to be charged on account | understand lhal an invoice will

i!th terms o} ANET 30 DAYS. - /’-
: /,.v-,-r','.r T . : ;
/n \qg s Cog\ 7_(,.-’,::: o - &j - / b
Typed Name Signature  Date -

: TRANSPORTER, STORER AND RECYCLER
L_;,.iNC. - PLANT  MESAOIL, INC. - PLANT

M Phoenix, AZ Mailing _Address: a
M.0000096024 - EPA# AZR000033381 Mesa Oil, Inc. IN CASE OF e
NR”C__C ID# A85467 : 7239 Bradburn Blvd. SPILL CONTACT
- INC. - PLANT A Denver, CO 80030 || MESA OIL, INC. || i

’ (303) 426-4777 || 1-800-USED-OIL ||

982581993 _ |
\TER ACKNOWLEDGMENT OF RECEIPT OF MATERIALS: _
erl:als have been tested _a_n_d at’e_be[ow 1,000 PPMhafoge s, - . - DOT. Beouxgggg% ;E)Agg?}g% to’?g gOOOGM,LONS _
Cores g g A L _’Z £ays

-_S_igna_ture S

' Whlte FlatumtoGenerator Green Records Pink thce Goldenrod'aeneralorcop




	Tech Memo
	Tables
	Table I
	Table II
	Table III
	Table IV

	Figure
	Appendix A



